AkmsI -N-E-2-Arylethenylcarbamates have been prepared in good yields from N-[2-(phenyl1hio)-2 a~ylethyllcarbamates via sulfoxide elimination towards nitrogen.
hexadieny1)-N-E-(2-ary1ethenyl)carbamate Za or the analogous N-12-(2-fwl)ethyllcarbamate 2b to afford the adducts 3ab
in which the E-gwmewy of the arylethenylcarbamates would guarantee the required trans steremhemistty of the two hydrogens of the eventual ring juncture. Either of these two intermediates would then be well set up for conversion into lycorine 1 by relatively straightforward and precedented chemistry. The desired substrates Zab could be prepared by any of several routes but we chose to investigate the thermal [2, 3] elimination of the sulfoxide derived fmm the sulfide 4 by oxidation. One would predict that the transition state of the 1 2 3 sulfoxidc ,:linrirration leading to the E-isomer would be greatly favored over that leading to theZ-isomer and thus one would enper! to obtain mainly the desired stereoisomen Zab in this prccess. Results from other l a b~r a t o r i e s~~~.~ on similar versions of both of these key steps prompt us to r e p * our results here in detail.
We decided to begin our synthesis with the inexpensive, commercially available s t d g material piperonal5 rather than olher more functionalized systems such as homopipemnal. Although the desired 2-phenylthio-2-arylethylamine 8 could be prepared by addition of thiophenol to the nilrostyrene (derived from condensation of nitromethane with 5) followed by reducti~n,~ the somewhat lower overall yields prompted us to seek alternative routes. The followed route to 8 proved the most successful in our hands. The dithioacetal of piperma167 was easily prepared from piperom15 in 93% yield Treatment of 6 with one equivalent of mercuric cyanide and one equivalent of iodine in dry acetoniVile afforded the athiophenylarylacetoniulle 78 in 88% yield.' While several hydride reducing agents (e.g., lithium aluminum hydride, sodium borohydnde-cobalt dichloride, borane-tetrahydrofuran) failed to cleanly reduce the nitrile to the mine, mtment with SPh SPh aluminum hydride in diethyl ether at rmm temperature gave the desired mine 85 in 93% yield. Thus m i n e 8 was available from piperonal5 in three easy steps in 76% overall yield.
Conversion of this 2-thiophenyl-2-arylethylamine 8 into the desired E-stereoisomen of 2-arylethenylcarbamates was fmt tested in simpler cases as follows. Formation of the carbarnate Pa proceeded under normal conditions in 72% yield
Methylation of the anion of this carhamate (sodium hydride, methyl iodide) produced theN-methyl analogue 9b in quantitative yield Treatment of these 2-thiophenylethylcarbamates 9ab with m-chlmperbenroic acid in methylene chloride furnished the corresponding sulfoxides which were nat purified but rather directly thermolyred in refluxing toluene f a 4 h to give, after chromatographic purification, the desired E-isomers of the 2-arylethenylcarbamates lOab in yields of 59% and 69% respectively. None of the undesired Z-isomers were isolated. Authentic samples of these E-2-qlethenylcarbamates E5 N: NaN3 :
(13"" lOab were prepared by a modified Curtius rearrangementlo of E-1.3-benzodioxolepropenoic acid 11" to give 10a in 65%
yield which on allrylation afforded theN-methyl compound lob in quantitative yield. 12 The carpling constan& for the vinyl HETEROCYCLES, V o l 30, No. 2, 1990 protons of these carbamates were 15 Hz, thereby indicating that the elimination was stemselective for the E-isomers.
Resumably the sulfoxide elimination prefers to take place via conformation 12a rather than conformation 12b on account of the considerable steric interaction present in the laner due to the eclipsing interaction of the aryl and substituted amino group.
Having shown that this thermal elimination pmcess produced the desired E-isomers in simple cases, we tumed our attention to the preparation of the more functionalized derivatives needed for the synthesis of l y c o~e .
12a 12b
The most direct route to Zab based on the above results would involve alkylation of the anion of the carbamate lob with the bromides 13ab. Unfortunately these alkylations did not proceed well in our hands under a variety of conditions and only small amounts (5.10%) of alkylarion could be obtained. We therefore turned to an alternative route to these compounds, in which the N-substituent would be present before sulfoxide elimination. Of the various potential procedures for preparing the desired thiophenyl amines 19ab we chose a reductive amination process, which required the aldehyde 15 and the Iwo amines 16ab. The aldehyde was easily prepared as follows. Treahnent of the nitile 7 with methanolic hydrogen chloride gave the methyl ester 14 which was cleanly reduced with diisobutylaluminum hydride to the aldehyde 15 in 69% overall yield for the two steps. This rouse was preferable to other simpler methods due to higher yields. For example, treatment of 5-@henylthio)methyl-1,3-benzodioxole with n-butyllithium followed by trapping of the anion with ethyl formate afforded 15 With the components 15 and 16ab in hand, we pursued the reductive amination to give 19ab. Initial attempts using sodium cyanoborohydride with hydrochloric acid as the profon swrce led predominately to reduction of the aldehyde to the corresponding arylethanol. However, use of acetic acid with a sodium acetate buffer in methanol afforded the desired furylethylamine 19b in 59% yield. For 19a it was better to f o m the imine by adding two equivalents of 16a to the aldehyde 15 in methanol with acetic acid/sodium acefate in the presence of sodium sulfate to absorb the water produced. Sodium cyanobomhydtide was then added to this preformed imine to furnish the hexadienylamine 1% in 57% yield. Treatment of the amines with ethyl chlorofomate and triethylamine led to the formation of the carbamates 20ab in quantitative yield.
These carbamata could be isolated, but it generally proved more efficient to cany the ciude carbamates through to the subsequent oxidation and themolysis reactions. Treatment of 20ab with m-chlomperbenroic acid produced the sulfoxides which were not purified but rather directly themolyzed in refluxing toluene to give the desired ethyl N-alkadienyl-N-E-(2-aryletheny1yl)carbarnates l a b in yields of 7% and 7 3 8 , respectively, after column chromatography on silica gel. Again, the coupling constants of the styrenyl protons were 15 Hz, again indicating that the E-stereoisomers have been produced stereoselectively. Thus this method seems to be reasonably general for the pmduction of functionalized E-2-arylethenylcarbamates such ar lOah and 2ab.
With the Diels-Alder substrates 2ab in hand, we now turned our attention to efforts to induce the required Diels-Alder cycloadditions of these systems. were then abandoned.
The Diels-Alder reaction of the 2-furylethylcarbamate 2b expected to be somewhat less straightfoward. This reaction would undoubtedly be complicated by the tendency of furan Diels-Alder reactions to bereversible, sothat simply going to higher temperamres would probably not be effective in obtaining the Diels-Alder product 3b. Nonetheless, the carbamate 2 b was heated in refluxing rnesitylene (165°C) for M) h in the presence of catalytic hydmquinone, resulting in recovery of the staning carbamate. It cwld also be distilled through a 4 inch horizontal q u m tube packed with qumz chips and heated to 600°C under vacuum, with an 87% recovety of the starting material. Finally, passing a toluene solution of the carbamate 2b through a vertical packed column at 6000C under vacuum resulted in complete destruction of the carbamate, again with recovery of a tarry residue similar to that described above for the hexadienyl case.
Other techniques for accelerating Diels-Alder reactions were also tried with 2ab, completely without success. The use of polar solvents, mild acidic material such as silica gel, strangly Lewis acidic compounds such as ethylaluminum dichloride (catalytic and stoichiometric), and radical-cauon catalysis using tris-@-brornophenyl)minium pentachlomstibnate failed to produce any of the desired cycloadducts 3ab. With the failure of these substances to undergocycloadditions, we abandoned this route as a synthetic approach to lycorine. It is imponant to point out that minor modifications of the above route have produced an elegant synthesis of lycorine. Completely independent and concurrent with our wak, Manin and Tu prepared the analogous N-@-methoxybenzyl)enamide 21 which cyclized in refluxing xylene to give the desired cyclaadduct 22 in 47% yield as a 1.4:l mixture of iso~ners.~e The cis-fused isomer was then convened into an intermediate in a previous lycorine synthesis in only three steps. Thus the two differences of having an amide tether group rather than an amino tether and an N-arylmethyl group rather than the carbamate allow the cycloaddition to mcur. We are unable to offer any explanation (conformational, electronic, steric, or a mixture) for why these two similar systems behave so differently in cycloadditions. were evaporated and the residue was taken up in 100 ml of carbon tetrachloride. 1 M Aqueous NazSzO3 (100 ml) was added and the mixture was stirred at room temperature to discharge the color. lhis was then diluted with water and extracted with 2 x 250 ml of chloroform. The combined chloroform extracts were washed with 50 ml of saturated aq. NaHC03, dried over NazS04, and evaporated. The residue was crystallized from benzendligroine to give 6.75 g (25.1 mmol: 88.4%) of nitrile 7.
The nitrile could be recrystallized from petroleum ether to give the pure nitrile 7, mp 83-83. A solution of lithium aluminum hydride in diethyl ether (125 ml; 0.5 M; 62.5 mmol) was cwled to O°C under nitmgen andsulfuric acid (1.7 ml; 31.25 mmol) was added carefully. The mixture was stirred at 0°C for 30 min to complete formation of aluminum hydride. A solution of the nitrile 7 (9 g; 33.5 mmol) in diethyl ether (200 ml) was added dropwise. The mixture was stirred at mom temperature under nitrogen for 4 h after the addition was completed. The reaction was quenched by careful addition of water followed by 10% aq. NaOH, and stirring at mom temperature for 1 h. The mixture was diluted with water and the amine was extracted with 3 x 150 ml of diethyl ether. The combined extracts were washed with 50 ml of brine, dried over NazSOq, and evaporated to give 8.85 g of the free atnine 8 as an oil. This was taken up in ether, and the hydrochloric salt was precipitated by bubbling a gentle stream of hydrochloric acid through the solution. Collection of the salt gave 9. 
To a solution of the amine 8 (1.38 g; 5.29 mmol) in diethyl ether (50 ml) was added ~ethylamine (3 ml, 21.26 mmol), and the mixture was cwled to 0°C under nitrogen. Ethyl chlorofonnate (0.6 ml; 6.34 mmol) was added slowly and the mixture was stirred at 0°C for 1 h. The mixture was diluted with 50 ml of diethyl ether and washed with 25 ml of water, dilute aq.
hydrochloric acid, and saturated aq. NaHC03, and dried over NazS04. Recrystallization from methanol gave 1.32 g 
.
To a suspension of sodium hydride (48 mg; 5096 in oil; 1 mmol) in tetrahydrofuran 0 (10 ml), a solution of the carbamate 9a (345 mg; 1 -01) in THF (20 rnl) was added dropwise with siting. The mixture was stirred at room temperature under nitrogen for 2 h. Methyl iodide (0.1 ml, 1.5 mmol) in THF (20 ml) was added slowly and the mixture was s t k d at room temperature under nillogen overnight. The mixture was diluted with 20 ml of water and extracted with 3 x 50 ml of chloroform. The combined extracts were washed with 50 ml of brine, dried over Na~S04, and evaporated to give A solution of metachloroperbenzoic acid (83 mg; 0.48 mmol) in methylene chloride (5 ml) was added to a solution of the carbamate 9a (150 mg; 0.435 mmol) in methylene chloride (5 ml) at V C under nitrogen. The mixNre was stirred at O°C for 1 h, diluted with 30 ml of chlorofom, washed with 20 ml of saturated aq. NaHCOj, and dried over NazS04. Evaporation of the solvent gave the crude sulfoxide which was taken up in toluene (10 ml) and stirred at reflux under nitrogen for 4 h. After cooling to room temperature, the toluene was evaporated and residue was purified by preparative tlc on silica gel with benzene as eluent. E-1 J-Benzodioxole-5-propenoic acid 11 (3.84 g; 20 mmol) was suspended in 50% aqueous acetone (100 ml) and cooled to 0°C. Triethylamine (5.2 ml, 38.5 mmol) in acetone (40 ml) was added dropwise, followed by ethyl chlorofomte (3.8 ml;
40 mmol) in acetone (20 ml). The mixhlre was stirred at 0°C for 30 min and Mdium azide (4.16 g; 64 mmol) in water (20 ml)
was added This mixture was stirred an additional 1.5 h and poured into 100 ml of ice water. The acyl a i d e was extracted with 3 x 100 ml of chlorofonn. The combined extracts were washed with 100 ml of brine, dried over NazS04, and 
Efhvl2-~1.3-benzodioxo1-5-vl)ethen~1methvlcahaat. lob.
A solution of metachlomperbenzoic acid (75 mg; 0.43 mmol) in methylene chloride (5 ml) was added to a solution of the carbamate 9b (141.7 mg; 0.395 mmol) in methylene chloride (5 ml) at O°C under niuogen. The mixmre was stirred at P C for 1 h, diluted with 30 ml of chlomfonn, washed with 20 ml of saturated aq. N a H C q and dried over Na2SO4. Evaporation of the solvent gave the crude sulfoxide which was taken up in toluene (10 ml) and stirred at reflux under nitrogen for 4 h. After cooling to m m temperamre, the toluene was evaporated and the residue was purified by preparative tlc on silica gel with benzene as eluent. A solution of the carbamate 10a (235 mg; 1 mmol) in THF (20 ml) was added dmpwise to a suspension of sodium hydride (48 mg; 50% in oil; 1 -01)
in THF (5 ml) under niuogen. The mixture was stirred at room temperature for 2 h and methyl iodide (0.1 ml; 1.5 mmol) in TKF (5 ml) was added. The mixture was stirred at room temperature for 4 h and diluted with 30 ml of water. The carbamate 10a was extracted with 3 x 30 ml of chloroform and the combined extracts were washed with 20 ml of brine and dried over NazS04. Evaporation of the solvent gave 256 mg of the enamide IOb (quant.). This could be clystallired from methanol to give the pure enamide lob, mp 53-54°C. The 1H nmr was identical with that reponed above. complete. The solution of cyclopropyl Grignardreagent was then cooled to P C and acmlein (3.3 ml; 48.6 mmol) in THF (15 ml) was added dropwise. The mixture was stired at room temperature overnight and quenched by addition of 2 ml of water followed by 25 ml of 10% aq. NaHSR. m e crude cyclopropyl vinyl carbinol thus formed was extracted with 3 x 50 ml of diethyl ether. The combined extracts were washed with 25 ml of water, 10% aq, NaHS03, and brine, and dried over NazS04. Evaporation of the solvent gave 5.5 g of crude alcohol. This alcohol was cooled to V C and concentrated hydmbromic acid (1 1 ml) was added dropwise with vigorous stirring over approximately 3 mi". The mixture was stirred at O°C for an additional 5 min and then diluted with water. The crude bromide Us was extracted with 3 x 50 ml of diethyl ether. The combined extracts were washed with 25 ml of water, saturated aq. NaHC03, and brine, and dried over NazS04. a e t h v l ) f u r a n . 13t).
II
To diethyl ether (20 ml) at -7 8 T under nitmgen, was added n-butyllithium (40 ml, 2.5 M, 0.1 mol). After stirring at -78°C for 15 min, a solution of furan (7.3 ml; 0.1 mol) in diethyl ether (15 ml) was added slowly. The mixture was stimd at -78°C for 1 h, and then allowed to wann slowly to room temperature. Stirring was continued for 2 h before cooling the mixture to -7 8 T again. Ethylene oxide (approx. 10 ml; excess) was condensed into the mixture at -7 8 T and the mixture was allowed to warm slowly to room temperature again with vigorous stining. Aiier 1 hat room temperature, the reaction was quenched by addition of 10 ml of water, followed by 5 g of ammonium chloride. The mixture was diluted with water and extracted with 3 x 100 ml of diethyl ether. The combined extracts wne washed with 75 ml of brine, bried over NazS04, and solution of methanesulfonyl chloride (0.77 ml; 10 mmol) in diethyl ether (10 ml) was added slowly and the mixture was stirred at O0C for 30 min. Water (50 ml) was added and the mesylate was extracted with 2 x 50 ml of diethyl ether. The combined extracts were washed with 30 ml of dilute aq. hydmhloric acid, saturated aq. NaHCR, and brine, and dried over NazS04 
3.60(2H,t,J=7.8Hz),3.22(2H,t, J = 7 . 8 H z ) .
A solution of the nitnle 7 (6.1 g; 22.7 mmol) in methanol (200 ml) was saturated with hydrochloric acid and then stirred at reflux under nitrogen overnight. After cooling to m m temperature, the mixture was diluted with 200 ml of water and exmcted with 3 x 200 ml of diethyl ether. The combined extracts were washed with 50 ml of water, saturated aq. NaHCq, and brine, and dried over NazS04. Evaporation of the solvent gave 6 g of crude ester 14. Diisobutylaluminum hydride (3.7 ml; 1 M; 3.7 mmol) was added dropwise to a solution of the ester 14 (604 mg; 2 mmol) in toluene (15 ml) at -7 8 T under nitrogen. The mixture was stirred at 78°C for 40 min and quenched by dropwise addition of 1 ml of methanol. After stirring 30 min at -78"C, 25 ml of saturated aq. sodium potassium tamate was added and the mixture allowed to warm to room temperature. This was then diluted with 25 ml of water and extracted with 3 x 30 ml of chloroform.
The combined extracts were washed with 20 ml of water and brine, dried over Na2S04, and evaporated. p-Toluenesulfonyl chloride (12.6 g; 66 mmol) was added in portions to a solution of 3,s-hexadienoll7 (5.78 g; 59 -01) in pyridine (20 ml) under niuogen at O°C. After the addition was complete, the mixture was allowed to warm to mom temperature with stirring over 3.5 h. The mixture was diluted with 50 ml of water and extracted with 2 x 50 ml of dicthyl ether. The combined extracts were washed with 25 ml of water, dilute aq. hydrochloric acid, saturated aq. NaHCO3, and brine, and dried over NazS04. Evaporation of the solvent gave 11.6 g (46 mmol; 78%) of tosylate 1715 which was used E m 1-bromo-3.5-hexadiene..
Potassium azide (6.8 g; 84.5 mmol) and 18-crown-6 (264 mg: 1 mmol) were added to a solution of I-bromo-35-hexadiene 13a (2.7 g; 16.9 mmol) in acetonitrile (80 ml) and the mixture was stirred at reflux under nimgen for 4 h. After cooling to room temperature, 100 ml of water was added and the azide was extracted with 3 x 70 ml of petroleum ether. The combined extracts were washed with 50 ml of water and brine, and dried over NazS04. Evaporation of the solvent left 1.8 g (14.6 mmol; 86.6%) of crude azide 18.
FDmmmkd
Potassium azide (8.9 g; 109.6 mmol) and 18-crown-6 (264 mg: 1 mmol) were added to a solution of the tosylate 17 ( The mixture was stirred at reflux 2 h after the addition was complete. After cooling to PC, the reaction was quenched by careful addition of 1.4 ml of water, 1.4 ml of 15% aq. NaOH, and 4.2 ml of water. The organic phase was separated and the residual solid washed with 2 x 100 ml of diethyl ether. The combined extracts were washed with 70 ml of brine, dried over Sodium cyanoborohydride (250 mg; 4 -01) was added and the mixture was stirred at mom temperature under nitrogen for an additional 2 h. Dilute hydrochloric acid was added until the pH of the solution stayed less than I, and the mixture was s t k d at mom tempemure for 1 h. The hydmhloric salt of the amine 19a was then extracted with 3 x 50 ml of chloroform.
The combined extracts were evaporated and the residue was triturated with benzene. The hydrochloric salt of the amine 1% precipitated slowly upon standing in the refrigerator. The solid was collected and washed with benzene to give 887.8 mg (2.28 -01; 57%) of amine hydmhlon'de salt. The salt could be recrystallized from benzene to give the pure hydrochloric salt ofthe amine IYa, mp 166-157°C (dec). The m i n e 1Ya regenerated from the pure hydroclii,~~~ salt showed the following spectral properties. 'H Nmr: 6 7. was stirred at room temperature for I h. The hydiochloride salt of the m i n e 19b was extracted with 3 x 50 ml of chlorofonn. The combined extracts were evaporated to an oily residue, which was triturated with benzene. AAer standing several horn in the refrigerator, the amine hydrochloride salt of 19b could be obtained. This salt could be crystallized from chlorofdbenzene togive the pure hydrochloric salt, mp 167-169°C. I h e mine 19b regenerated from t h e p r e hydrachloride salt showed the following spectral properties. The m i n e generated from the hydrochloride salt (390 mg; 1 mmol) was taken up in THF (20 ml) and hiethylamine (0.6 ml: 4 -01) was added. The mixture was cooled to P C under nitrogen and ethyl chlorofomate (0.2 ml; 2 -01) was added. The mixture was allowed to warm to room temperature and stirred under nitmgen for 2 h. Water (50 ml) was added and the carbamate 20a was extracted with 3 x 30 ml of chloroform. The combined exuacts were washed with 20 ml of dilute aq. hydrochloric acid, saturated aq. NaHCO3, and brine, and dried over Na2S04. Evaporation of the solvent gave the crude carbamate 2Oa which was taken up in methylene chloride (10 ml) and cooled to O T under nitrogen. A solution of metochlomperbenzoic acid (190 mg; 1.1 mmol) in methylene chloride (I0 ml) was added and the mixture was stirred at ODC for 1 h. The mixture was diluted with 50 ml of chlorofonn, washed with 20 ml of saturated aq. NaHCOj, and dried over Na2S04.
Evaporation of the solvent gave the crude sulfoxide which was taken up in toluene (20 ml). The mixture was stirred at reflux under nitrogen for 2 h. After cooling to room temperature, the toluene was evaporated and the residue was purified by column chromatography on silica gel with benzene as eluent. Isolation of the carbamate 2a (Rf = 0.24) gave 220.8 mg (0.7 mmol; 70%). The carbamate 2a could be Kugelrohr distilled at an oven temperature of 165°C at 0.1 mm. -.
m The m i n e 19b regenerated from the m i n e hydrochloride (403.5 mg; 1 mmol) was taken up in THF (20 ml) and hiethylamine (0.6 ml; 4 mmol) was added. The mixture was cooled to P C under nitrogen and ethyl chlorofomate (0.2 ml: 2 mmol) was added. The mixture was allowed to warm to room temperature and stirred under niuogen for 2 h. Water (30 ml) was added and the carbamate 20b was exvdcted with 3 x 30 ml of chloroform. The combined extracts were washed with 20 ml of dilute aq. hydrochloric acid, sahlrated aq. NaHCq, and brine, and dried over Na2S04. Evaporation of the solvent gave the carbamate 2Ob which was taken up in methylene chloride (10 ml) and m l e d to 0°C for 1 h. The mixture was diluted with 50 ml of chloroform and washed with 20 ml of saturated aq. NaHC03 and brine, and dried over Na2S04.
Evaporation of the solvent gave the crude sulfoxide which was taken up in toluene (20 ml) The mixture was stirred at reflux under nitrogen for 12 h. After cooling to room temperature, the toluene was evaporated and the residue was purified by ACKNOWLEDGEMENT.
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